We have generated a codon usage table for Pseudomonas aeruginosa. Codon usage in P. aeruginosa is extremely biased. In contrast to E. coli and yeast, P. aeruginosa preferentially uses those codons within a synonymous codon group with the strongest predicted codon-anticodon interaction. We were unable to correlate a particular codon usage pattern with predicted levels of mRNA expressivity. The choice of a third base reflects the high guanine plus cytosine content of the P. aeruginosa genome (67.2%) and cytosine is the preferred nucleotide for the third codon position.
INTRODUCTION
To compare the patterns of codon usage among the P. aeruginosa chromosomal, plasmid, phage, and transposon genes, we calculated the RSCU values for these groups (Table 1) , compared composite codon usage tables for these groups by Correspond analysis (Table 2) , and calculated codon bias indices for each gene (Table 3 ).
The greatest difference between patterns of codon usage occurred between the P. aeruginosa pillin genes and other chromosomal genes (Tables 1 and 2 ). P. aeruginosa pillin belongs to a class of similar pillin genes which are present in Neisseria gonorrhoeae, Moraxella bovis, Moraxella nonliquefaciens, and Bacteroides nodosus (48). The G+C content of the P. aeruginosa PAO, PAK, and PA 103 pillin genes is 48.7%, 48.6%, and 46.6%, respectively, and is significantly different from the P. aeruginosa genome (G+C, 67.2%). Codons ending in T and G are the preferred codons in the P. aeruginosa pillin genes and there is an increased use of codons ending in A in contrast to other chromosomal genes from P. aeruginosa (Table 1) . Sastry et al. (24) suggested that the pattern of codon usage in P. aeruginosa pillin is similar to the pattern observed in highly expressed genes of E. coli. However, Correspond analysis indicated that the pattern of codon usage in the pillin genes was more similar to E. coli weakly expressed genes (Table 2 ). In the pillin genes, there is a marked preference for U over C in all synonymous codon groups except proline. This preference is in contrast to E. coli where the preference is for U in GCY codons (Y=pyrimidine) and for C in AUY codons (6) (Table   3 ). There is a slightly increased use of A and T and slightly decreased use of C in the third codon position in the transposon genes compared to the chromosomal genes excluding pillin (Table 3 ). The mean G+C content of the seven Tn501 genes is 64.9%.
The codon usage pattern present in the PaeR7 endonuclease and methylase genes encoded on pMG7 is less biased than the pattern observed in the P. aeruginosa chromosomal genes (Table 3 ). These differences can be attributed to the G+C content of these two phage: Pfl is 65.2% G+C, which is very similar to the P. aeruginosa chromosome, and Pf3 is 46.9% G+C.
Reference codon usage table for P. aerueinosa
A reference codon usage table for P. aeruginosa (Table 4) (Table 4 ). In the M. luleus streptomycin operon, these same codons are also rarely or never used (16). In E. coli, rare codons are recognized by the least abundant tRNAs (8-9).
tRNA levels are unknown in P. aeruginosa; therefore, it is not known if these rarely used codons are the ones recognized by the less abundant tRNAs. However, the expression of pillin, The preferred termination codon is TGA (Table 1) . This is the same termination codon preferred by M. luleus, whereas E. coli and yeast prefer TAA ( values (3, 6) . Thus, the statistical indexes based on codon usage which predict mRNA expressivity in E. coli do not appear to predict mRNA expressivity in P. aeruginosa (Table 3) .
Comparison of codon usage patterns in P. aerueinosa. E. coli. veast. and Bacillus.
The pattern of codon usage in P. aeruginosa differs from that observed in E. coli, yeast and genes. An earlier version of the P. aeruginosa codon usage table was helpful in locating protein coding regions and DNA sequencing ambiguities in the lasA and lasB genes (37, 38). This reference codon usage table for P. aeruginosa (Table 4) is presented in a format that can be used as the data file for the UWGCG program CodonPreference (20, 47).
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